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Åkerstedt J: An indirect ELISA for detection of Encephalitozoon cuniculi infection
in farmed blue foxes (Alipex lagopus). Acta vet. scand. 2002, 43, 211-220. – Infection
with the intracellular microsporidium Encephalitozoon cuniculi can cause serious dis-
ease, encephalitozoonosis, in the blue fox (Alopex lagopus). The disease diagnosis is
based on clinical signs and pathological ﬁndings, and detection of E. cuniculi or circu-
lating antibodies directed against the parasite. Indirect immunoﬂuorescence (IFAT) and
carbon immunoassay (CIA) are the most commonly used serological methods for diag-
nosis in this species. In the present study, an indirect ELISA (enzyme linked im-
munosorbent assay) was established and evaluated against IFAT by testing of 205 ﬁeld
samples from blue foxes. There was high agreement between the results of the ELISA
and CIA (κ=0.99), and the ELISA and IFAT (κ=0.958). There was no signiﬁcant statis-
tical difference between the tests (p>0.05). It was concluded that the ELISA could be
used to identify seropositive farmed blue foxes. The advantage of the ELISA lies in the
potential of screening large numbers of animals with the goal of eradicating E. cuniculi
infection in the farms.
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Introduction
The intracellular microsporidium Encephalito-
zoon cuniculi is an obligate parasite that infects
a wide range of vertebrate animals (Canning &
Lom 1986). In some hosts, such as rabbit and
carnivores, infection can cause disease. The de-
velopment of clinical disease in different
species is highly inﬂuenced by natural innate
species susceptibility and by the immune status
of the individual. For example, severe disease
can occur in young dogs or in the blue fox
(Alopex lagopus) whereas the farmed silver fox
(Vulpes vulpes) is resistant (Nordstoga et al.
1974).  E. cuniculi infection has also been
recorded to cause clinical disease in humans
suffering from AIDS or other immune depres-
sive disorders (Weber et al. 1994). 
Outbreaks of encephalitozoonosis lead to heavy
losses of pups in blue fox farms. Pups infected
in embryonic or foetal life develop encephalito-
zoonosis 1 to 3 months after birth. The diagno-
sis of encephalitozoonosis in blue foxes is
based on clinical signs and pathological ﬁnd-
ings (Nordstoga et al. 1974), and on the detec-
tion of E. cuniculi or of circulating antibodies
directed against the parasite (Mohn & Øde-
gaard 1977). At necropsy, parasites may be
identiﬁed by histological examination, mainly
of the brain and kidney. In live animals, a num-
ber of methods have been applied to detect E.
cuniculi infection. There are methods for de-
tecting spores in urine or faeces. The methods
for detection of microsporidia include speciﬁcstains, for instance the chromotrope stain (We-
ber et al. 1992), and isolation of spores (Cox et
al. 1972). These methods are speciﬁc, but not
practically applicable as diagnostic methods in
veterinary medicine (Pye & Cox 1977).
Several serological methods have been used for
diagnosing  E. cuniculi infection in live blue
foxes, including indirect immunoﬂuorescence
(IFAT, Mohn & Ødegaard1977) and carbon im-
munoassay (CIA, Mohn 1982). The CIA uses
puriﬁed spores of E. cuniculi to which antibod-
ies bind. This reaction is visualised when car-
bon particles are bound to these immunoglobu-
lins. India ink is thought to bind to the Fc-end of
both rabbit and blue fox immunoglobulin G
(Mohn 1982, Waller 1977). Enzyme linked im-
munosorbent assays (ELISA) have been devel-
oped to test sera of canine, mouse, rabbit, squir-
rel, monkey and human origin for antibodies to
E. cuniculi (Beckwith et al. 1988, Cox et al.
1981). An initial attempt has been made on an
ELISA on blue fox sera for E. cuniculi antibod-
ies (Tharaldsen 1995). The purpose of the pre-
sent study was to establish and evaluate a new
indirect ELISA with antigen produced from a
blue fox isolate for serological diagnosis of E.
cuniculi infection in the same animal species. 
Materials and methods
Field sera
Serum samples were collected from farmed
blue foxes in the Norwegian counties of Hed-
mark and Oppland during an outbreak of en-
cephalitozoonosis in 1992. The animals were
classiﬁed as positive or negative for E. cuniculi
antibodies using CIA, and the samples were
then stored at -40°C. The seropositive animals
all came from farms where encephalitozoono-
sis had been conﬁrmed by pathological exami-
nation of clinical cases. The seronegative ani-
mals were from farms without outbreak of
clinical encephalitozoonosis and with no other
indication of the disease.
Reference sera
A positive reference serum pool was obtained
by the pooling of sera from three farmed blue
foxes. The animals had clinical and pathologi-
cal signs of chronic encephalitozoonosis, and
E. cuniculi had been isolated from 2 of them
(Mathis et al. 1996). The negative reference
serum pool was mixed from 5 blue foxes in a
farm without any sign of encephalitozoonosis.
Production of parasite spores
Spores of the isolate IPZ: N-F82 and N-F220
were produced in monolayer cell cultures of hu-
man ﬁbroblast cells (MRC-5, Mathis et al.
1996). The cells were grown in modiﬁed Eagle
medium (MEM) with Earle’s buffered saline
solution supplemented with inactivated bovine
foetal serum (100 µl/ml), sodium bicarbonate
(1.12 mM), L-glutamin (4 mM) and antibiotics
(penicillin: 100 I.E./ml; streptomycin: 100
µg/ml and amphotericin B: 250 ng/ml) (cells
and medium delivered by Bio-Whittaker, Walk-
ersville, MD, USA). The pH was adjusted to 7.4
and the cells were incubated at 37°C in normal
atmosphere supplemented with 5 per cent car-
bondioxide. Spores were harvested in the cul-
ture medium at weekly intervals, and stored for
up to 3 months at 4°C before preparation. 
The spores were washed twice in phosphate
buffered saline (PBS; 170 mM, pH 7.4) by cen-
trifugation (10 min, 1,750 x g). The pellet was
then resuspended in 10 ml sodium dodecyl sul-
fate (SDS; 1.25 mg/ml) in PBS, and incubated
(30 min, 37°C). Thereafter, the spores were
washed twice again, and the pellet was resus-
pended in PBS to the concentration of 108
spores E. cuniculi per ml for the ELISA, or dis-
tilled water for the IFAT. 
Preparation of soluble antigen
Following 3 cycles of freezing - thawing, the
spores were mixed with solid glass beads (1:3,
Jencons (Scientiﬁc) Limited, UK), and soni-
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fore and after disruption was counted in a
haematocytometer to ensure at least 95 per cent
spore disruption in the homogenate. After cen-
trifugation (10 min, 17,500 x g, 7°C), the pro-
tein content of the supernatant was measured by
UV detection as described by Harlov & Lane
(1988). With the protocol used for antigen
preparation approximately 108 E. cuniculi
spores per ml gave a protein concentration in
the ﬁnal antigen solution of 0.3 mg/ml. The sol-
uble antigen solution was aliquoted and stored
at -40°C until use. From non-infected cell cul-
tures the supernatant was handled equally to
produce a control antigen.
Enzyme linked immunosorbent assay
Polystyrene microtitre plates (Immunoplate
Maxisorb; Nunc, Roskilde, Denmark) were
coated for 3 days at 4°C with 150 µl diluted
antigen solution (Fig. 1). The following coating
buffers were used: carbonate bicarbonate buffer
(100 mM, pH 9.6), phosphate buffered saline
(170 mM, pH 7.4), citrate phosphate buffers
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Figure 1. ELISA values for positive reference serum and soluble E. cuniculi antigen diluted 2-fold from
1:1000. Each line represents the following coating buffers:
–– carbonate bicarbonate (100 mM, pH 9.6) –– phosphate buffered saline (PBS; 170 mM, pH 7.4)
–– citrate phosphate (70 mM, pH 4.0) –– citrate phosphate (150 mM, pH 5.0)
–– distilled water –– ethanol (70% v/w)(70 mM, pH 4.0 and 150 mM, pH 5.0), ethanol
(70% v/w), and distilled water. The plates were
washed 3 times in PBS, and some of them were
incubated for 1 h with one of the following
blocking solutions: bovine serum albumen
(BSA: 10 mg/ml), horse serum (100 µl/ml),
non-fat dry milk (30 mg/ml). All subsequent in-
cubations were done at 37°C followed by wash-
ing 5 times using PBS with Tween 20 (1 µl/ml;
ELISA buffer). The ELISA buffer was added to
the blocking substance when the plates were in-
cubated with blocking solutions. The serum
samples were diluted in ELISA buffer, and
100 ml was added to each well and incubated
for 2 h. After washing, horseradish peroxidase
(HRP) conjugated goat anti-dog IgG (ICN /
Cappel, Aurora, OH, USA) was diluted in the
ELISA buffer and added to the plates, which
were subsequently incubated (2 h) and washed.
Thereafter, 50 mg of the substrate, 2,2’-azi-
no-bis(3-ethylbenz-thiazoline-6-sulfonic acid;
ABTSTM) was mixed in 100.0 ml citrate-phos-
phate buffer (6.93 mM, pH 4.0) plus 6 µl 30 per
cent hydrogen peroxide, and added to the
miocrotitre plates (100 µl/well). After incuba-
tion in darkness (45 min), the enzymatic colour
reaction was stopped by adding 25 µl sodium
acid solution (100 ng/ml) to each well, and the
optical density was read at 405 nm. 
All sera were tested in 4 wells, 2 wells coated
with E. cuniculiantigen and 2 wells coated with
control antigen. Thus, each 96-well miocrotitre
plate harboured a maximum of 22 test sera and
a positive and a negative control. The ELISA
values of the sample sera were expressed as
sample to positive ratio { S:P-ratio = (OD of
sample - OD of negative control) / (OD of pos-
itive control - OD of negative control) } (Tijssen
1985). The median value for the 2 pairs of S:P
values of each sample was used when selecting
cut-off values of the assay. To select the ELISA
cut-off values, a 2-graph receiver operating
characteristic (TG-ROC) plot was used (Grei-
ner et al. 1995,  Zweig & Campbell 1993).
Thereby, pairs of sensitivity and speciﬁcity
could be read directly from the pre-assigned
threshold values of the TG-ROC plot. For the
calculation, a user-deﬁned template was ob-
tained as public domain software (Greiner
1995). Two cut-off values were selected where
the sensitivity and speciﬁcity, respectively,
were equal to the pre-selected accuracy level of
0.95. Values between the cut-off values were
considered intermediate. The estimation of the
cut-off values was performed with a non-para-
metric method. ELISA results were interpreted
as follows: when both S:P-ratios were above the
upper cut-off value, the serum sample was clas-
siﬁed as positive for E. cuniculi antibodies. A
sample with both values below the lower cut-off
value was regarded as negative. Serum samples,
which had both values between the cut-off val-
ues, were in the intermediate range (IR) of the
test. Samples, which had values on both sides of
a cut-off value, were classiﬁed as not inter-
pretable (NI).
Carbon immunoassay
On arrival of samples to the laboratory, the CIA
was performed according to the manufacturer’s
instructions (Testman, Uppsala, Sweden, Wal-
ler & Bergquist 1982). In brief, each serum
sample was diluted 1:50 with PBS. Each di-
luted sample was mixed with 300000 E. cuni-
culi spores and incubated at room temperature
for 2 min. Then the suspension was mixed with
India ink on a glass slide and covered with
glass. The result was read immediately at 1000
magniﬁcations with oil in a light microscope.
For positive sera, the E. cuniculi spores were
stained greyish-black against the background
of carbon particles, while in negative sera, the
parasite appeared white against the dark back-
ground. Sera that agglutinated spontaneously in
the test were diluted 1:100 and retested.
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IFAT was performed with spores from isolate
IPZ: N-F82 (Mohn & Ødegaard 1977). Each
well of 12-welled glass slides was coated with
80000 E. cuniculi spores diluted in ten µl dis-
tilled water. The slides were air-dried, ﬁxed in
acetone and either used immediately or stored
in sealed plastic bags with silica gel at ÷ 40°C.
For the assay, each well was blocked with 25 µl
rabbit serum (100 µl/ml) in PBS and the slides
were incubated in a humidity chamber at room
temperature for 30 min. The slides were washed
twice for 5 min in PBS under agitation. Serum
samples were diluted 1:40 in PBS with rabbit
serum (10 ml/ml), and 25 µl of the diluted sam-
ple were added per well. Both positive and neg-
ative control sera were added to each slide,
which was incubated at 4°C. The next day, the
slides were washed, and 25 µl of ﬂuorescein-
isothiocyante (FITC) conjugated rabbit anti-
dog IgG (Sigma®, St. Louis, MO, USA) diluted
1:25 in PBS with rabbit serum (10 µl/ml) and
Evans blue (1:10000) was added to each well.
The slides were incubated at room temperature
in darkness for 60 min, washed, dried and
mounted. Examination of the slides was carried
out at a magniﬁcation of 400 times in an epiﬂu-
orescence microscope (Leitz, Wetzlar, Ger-
many) supplied with a 50 W mercury lamp.
Wells with strong peripheral ﬂuorescence in at
least 50 per cent of the spores were considered
positive.
Statistical analysis
The analytical error (s) could be calculated
from the ELISA results of the test sera values
with the formula: s = square root (∑d2 / 2n)
where n was the number of duplicate determi-
nations and d was the difference within a cer-
tain pair (Larsson1987). The agreement (κ) be-
tween tests was calculated for the samples
classiﬁed as positive and negative in the ELISA
compared to the results of the IFAT (Martin et
al. 1987). The agreement was considered low,
moderate and high, i.e., 0.4 ≤ κ < 0.6, 0.6 ≤ κ
<0.8 and 0.8 ≤ κ ≤ 1, respectively. The Fisher
exact test was used to evaluate if differences be-




Among the coating buffers used, PBS, carbon-
ate bicarbonate and citrate phosphate buffer
(pH 5.0) gave the highest optical density values
for the reaction between E. cuniculi and posi-
tive reference serum (Fig. 1). In addition, the
reaction between positive serum and control
antigen was the highest using PBS and citrate
phosphate buffers, and below 0.25 OD405 with
the other buffers. The absorbency for the reac-
tion between negative serum and E. cuniculi
antigen was low for all buffers used (data not
shown). 
Non-fat dry milk and BSA used to block un-
speciﬁc antigen-antibody interactions gave
high absorbencies when the reaction between
E. cuniculi antigen and positive serum was as-
sayed. The ratio between positive and negative
serum was slightly greater for non-fat milk than
for BSA. Therefore not-fat dry milk was se-
lected as the blocking reagent.
Among the possible alternatives of coating
buffer, blocking agent and dilutions of antigen,
serum and conjugate, the optimal combination
was selected to give the most correct measure-
ment of the amount of speciﬁc antibody present
in the samples. The best conditions were ob-
tained for the ELISA when the antigen concen-
tration was 0.15 µg/ml carbonate bicarbonate
buffer, with non-fat dry milk used for blocking
and in the sample buffer, with a serum dilution
of 1:100 and the conjugate diluted 1:5000. This
resulted in minimal unspeciﬁc reaction and
strong reaction between positive reference
serum and E. cuniculi antigen. Under these
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good response when diluted 1:200. The ELISA
OD405value for the positive reference serum di-
luted 1:100 was 1.61. The values for CIA test
and IFAT were 1:3200 and 1:5120, respectively.
The negative reference serum diluted 1:100 had
ELISA OD405 value 0.262, and was negative in
CIA and IFAT.
Examination of ﬁeld samples
Of 205 blue fox blood sera from the ﬁeld, 99
were positive and 106 negative in the CIA. 
a) Results of the ELISA measurements, where
the OD values from the wells coated with
control antigen were subtracted, gave a dif-
ference in average S:P value between nega-
tive and positive samples of 0.478, and an
analytical error of 0.119. The cut-off values
were 0.101 and 0.128, respectively. Ninety-
one samples were positive, 93 negative, 1 in-
termediate and 20 not interpretable. All
ELISA positive samples were also positive
in the CIA test. In addition, 2 ELISA nega-
tive samples had been positive with CIA.
The agreement (κ) between these tests was
0.978.
b) When the ELISA S:P-ratio was calculated
for the E. cuniculi antigen coated wells only,
the difference in average S:P value between
positive and negative samples was 0.465,
and the analytical error was 0.085. The cut-
off values could be read from the TG-ROC
plot (Fig. 2) giving an intermediate range be-
tween 0.116 and 0.151. Thus, 93 samples
were positive, 100 negative and 12 not inter-
pretable. One negative sample had been pos-
itive with CIA (Table 1).
The agreement (κ) between ELISA and CIA
was 0.99.
There was full compliance for 179 sera that
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Figure 2. T wo-graph receiver operating curve (TG-ROC) analysis for 205 sera from blue foxes tested in the E.
cuniculi ELISA. Based on CIA results, the 2 graphs represent sensitivity (solid line) and speciﬁcity (dotted line)
for thresholds of the ELISA S:P values, where the intersection is the point were sensitivity and speciﬁcity are
equal. An intermediate range lies between 2 cut-off values were sensitivity and speciﬁcity are 0.95, respectively.
ELISA results below the lower cut-off value are considered negative, and S:P values above the upper cut-off
value are positive. The S:P values represent only wells coated with E. cuniculi.were either positive (n=89) or negative (n=90)
in both ELISA applications.
The results of the application without control
antigen were used for the comparison with
IFAT. Ninety of 202 ﬁeld sera were found posi-
tive in the IFAT, and of these, 86 were positive
and 4 could not be classiﬁed with the ELISA.
Of 112 negative samples in the IFAT, 100 were
negative also with ELISA, 8 were not classiﬁed
and 4 were positive (Table 1). The agreement
between the 2 tests was high with κ = 0.958. 
The statistical differences between all tests
were not signiﬁcant (p > 0.05). 
Discussion
In the present study an indirect ELISA for de-
tection of circulating antibodies against the pro-
tozoan parasite E. cuniculi is described and
compared with IFAT and CIA. The discrimina-
tion between 93 positive and 100 negative sam-
ples in the ELISA was good.
The soluble antigen used for the ELISA differs
from the antigen used for IFAT and CIA, where
the serological response to outer proteins of
whole spores is measured. In E. cuniculi in-
fected animals, antibodies are produced against
the spore wall, the polar tube and the sporo-
plasm of the parasite (Visvesvara et al. 1991).
With silver staining after SDS PAGE about 35
protein bands can be visualised from E. cuni-
culi, and the blue fox mounts a humoral im-
mune response to at least 25 of these (Mathis et
al. 1996). The main obstacle in the present
study was to clean parasite spores from cell de-
bris and then to disrupt them without loosing
too much antigen. For the evaluation of the
ELISA, sera were also added to wells coated
with control antigen only. When the control
wells were subtracted, the ELISA gave almost
twice as many not interpretable results (20 sam-
ples) as when the control wells were neglected
(12). Also, the analytical error was higher. The
reason for this could be the difﬁculty in prepar-
ing an antigen with the same amounts of cell
debris as the E. cuniculi antigen. Thus, the con-
trol wells were excluded from the assay. 
The cut-off value for serological tests has to be
deﬁned so that infected animals are positive in
the test, but also to avoid unnecessary cross-re-
actions. Humoral immune response to E. cuni-
culi is strong and serological titres in naturally
diseased animals with clinical signs of en-
cephalitozoonosis are usually high. Typical
IFAT titres in blue foxes are from 1:800 and
higher (Mohn & Ødegaard 1977), and typical
CIA titres are also in the same range (Åkerstedt
et al. unpublished). A low cut off has been used
for most reported diagnostic assays. Usually, an
animal has been regarded as seropositive when
the IFAT was positive at a serodilution of 1 to
10. In the CIA spontaneous agglutination read-
ily occurs at the dilution of 1:10 and below.
From experience with this method in our labo-
ratory, even dilutions of 1:25 of sub-optimally
sampled sera may cause agglutination at a
rather high rate. For routine testing the dilution
of 1:50 is used. In this study IFAT titres equal to
or above 1:40 were considered positive, and
titres of 1:50 or higher were considered positive
in the CIA. To be able to use the ELISA as a di-
agnostic test for infection, cut-off levels had to
be chosen. Since the true serological status of
the collected serum samples was not known, the
cut-off values were calculated by comparing the
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Table 1. Blue fox sera classiﬁed as positive or negative for
antibodies to E. cuniculi with the ELISA compared to IFAT




ELISA + 93 0 86 4
- 1 99 0 100
Total 193 190
Agreement κ 0.99 0.958results of the ELISA with the CIA results. IFAT
was used for evaluation and the ELISA pro-
duced results that strongly agreed with IFAT.
The immunoﬂuorescence test is very sensitive
when compared to histological detection of E.
cuniculi, intradermal test or complement ﬁxa-
tion test (Pakes et al.1984). Both IFAT and CIA
have proven successful in monitoring and es-
tablishing rabbit colonies free of encephalito-
zoonosis (Bywater & Kellett 1978, Cox et al.
1977). The ELISA may prove to be an alterna-
tive test to reach this goal in blue fox farms.
Compared with IFAT the ELISA produced a
few "false" positive results, but from a practical
point of view these are usually not a problem in
blue fox farming. All animals tested positive
can be isolated and removed when foxes are
pelted. However, for epidemiological studies
where the prevalence is investigated serologi-
cally, false positive results may be crucial. This
is especially the case when the true prevalence
is low and most positive reactions will be false.
Antigenic similarities of the spore wall of mi-
crosporidia make antibody cross-reactions pos-
sible between different species of microsporidia
(Niederkorn et al. 1980,  Weiss et al. 1992).
Since microsporidia are parasites of virtually
all vertebral species, relatively high amounts of
microsporidia antigens may therefore be con-
sumed by individuals supplied with feed of an-
imal origin (Canning & Lom 1986). The possi-
bility of seroconversion due to other micro-
sporidia can thus not be neglected, and some
authors even conclude that serology is not use-
ful for the diagnosis of human microsporidian
infection (Didier et al. 1993). When applying
serological methods for epidemiological stud-
ies in areas where the true prevalence is low,
positive reactions should be veriﬁed by alterna-
tive techniques.
Serology is used to conﬁrm clinical cases of en-
cephalitozoonosis, but also to screen farms for
possibly infected animals. The IFAT has the ad-
vantage in detecting antibodies at an early stage
of the infection (Mohn 1982). The CIA test, on
the other hand, proﬁts by being technically sim-
ple, requiring only uncomplicated reagents and
a minimum of laboratory equipment, and has so
far been the most commonly used serological
method in blue fox farming. Both these meth-
ods have the disadvantage of being time con-
suming and require an experienced technician
for the evaluation of the result, whereas the op-
tical densities of the ELISA can be measured
photometrically. The ELISA technique further-
more has the potential of being applied in rapid
test kits that can be used under ﬁeld conditions.
The results of the positive, intermediate or
doubtful sera can, when necessary, be con-
ﬁrmed with a repeated ELISA or with IFAT or
CIA technique. The latter techniques will there-
fore in any case remain valuable in the future
for conﬁrmation of the ELISA results and test-
ing small number of samples.
In conclusion, the results of this study show that
the described indirect ELISA can be used in or-
der to detect circulating antibodies against the
protozoan parasite E. cuniculi in blue foxes and
thereby infection. It is a supplement to the ex-
isting serological methods for the same pur-
pose. ELISA can increase the diagnostic capac-
ity of the laboratory and make it practically
possible and economically advantageous to
have farms screened for E. cuniculi infection.
This makes it possible to take appropriate mea-
sures with the goal of eradicating encephalito-
zoonosis from populations of blue foxes. 
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Sammendrag
Indirekte ELISA for påvisning av Encephalitozoon
cuniculi-infeksjon hos blårev (Alopex lagopus).
Den intracellulære mikrosporidien Encephalitozoon
cuniculi kan forårsake alvorlig sykdom ved infeksjon
av blårev (Alopex lagopus). Diagnosen encepha-
litozoonose stilles på grunnlag av kliniske tegn og
obduksjonsfunn, samt påvisning av E. cuniculi eller
sirkulerende antistoffer mot parasitten. Vanligst be-
nyttede serologiske metoder hos blårev er indirekte
ﬂuorescerende antistofftest (IFAT) og carbon im-
munoassay (CIA). 
I denne studien ble indirekte ELISA (enzyme linked
immunosorbent assay) etablert og evaluert ved å
sammenligne resultater fra 205 feltprøver med resul-
tater fra IFAT. Det var god overensstemmelse mellom
resultatene av ELISA og CIA (κ=0.99), og ELISA og
IFAT (κ=0.958). Det var ingen statistisk signiﬁkant
forskjell mellom metodene (p > 0.05). 
ELISA ble konkludert som egnet for påvisning av
seropositive individer. Fordelen med metoden er at
den tillater undersøkelse av et større antall dyr med
det formål å kunne bekjempe smittespredning i reve-
farmene. 
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